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Introduction
Die pulsed high-voltage reflex triode is an efficient source of ions of short duration (30 to 100 ns), high current (10 to 100 kA), and high voltage (0.8 t» 1.8 MV) (Fig. 1) . Anodes have been fabricated from wire grids, from i j 4 S g 7 thin foils," ' * from combination grid-foil meshes, and from plasmas. a Kccently the pulse duration has been extended to the 1-lis range.
The space 3 9 charge equation theory of these devices has also been worked out. ' In addition to the space charge theory of electron and ion raotion in the anode-cathode gap, it is necessary to calculate the slowing down and scattering of the roflening electrons by the anode. The two calculations are separable as long as the anode Is sufficiently conducting to remain at constant potential.
In the theories cited above, the space charge equation was solved exactly, but the reflex electron spectrum was approximated -either by arbitrary model 3 9 spectra or by simpliiying approximations. 
Space Charge Equation and Solutions
The one-dimensional Cartesian coordinate system is shown in Fig. 1 It is convenient to introduce dlmenslonlesj coordinates before proceeding further:
A 5 x/xQ, 
Also, the ion current density, J., will increase, as obtained from Eqs. (10) and (20):
This divergent behavior of J and J. as n •* n , plus the nonexistence of equilibrium solutions for n > n , has led many workers to describe these solutions 3S "resonant." 
Numerical Integration of Space Charge Equation
Second, a zone-centered average is found:
This zone-centered parameter is then summed over the index K, which approximates the integration over the variable u in Eq. The next step is to calculate G(<j>) from Eq. (18); this is written:
The Equation (22) is next approximated by the sum,
and the following output parameters are then determined by comparison with Eqs, (10) , (22), (23), and (24):
where the parameter M/mz is an input constant determined by the ion species in the triode. Usually, the calculations are done for deuterium ions.
Another parameter of interest is the net space charge per unit volume, as
given by the right-hand side of Eq. (1). Let the dimensionless space charge p be defined:
Then from Eqs. (11) and (12):
The corresponding expression from the numerical calculation is written: 
Numerical Results for Some Model Spectra
The first numerical problem is a calculation of tangmuir's bipolar The next series of numerical calculations used the model spectra, which 3 were hand-calculated in the early work.
These models were linear fits to the reflex-electron flux function, f..-Eqs. (12) and (13) 
where a and b are input constants subject to the unity normalization condition:
'0 -11- 
for the quartic spectrum. With the numerical method described, above, the critical value of n was found to be n « 37.366; whence the maximum a. 
Overall Results and Summary
Further insight into these results can be obtained by plotting the electron and deuterium ion current ratios vs the reflex parameter n, us is done in Fig. 9 . The model spectra A, B, and C (Table 2) At low values of ri, the ion current increases with ri for most spectra, while the electron current usually decreases. Near n -ri , both currents increase.
In order to attain both a high current and a good ion current efficiency, one wants to have a high-energy reflex-electron spectrum and to be able to sustain high currents at the voltage that corresponds to the critical reflex parameter, n, .
Such high-energy spectra as C and Q may be unrealistic because they neglect the initial absorption of the cathode beam in the anode foil before it becomes a reflex electron. Thus, it is unlikely that there will ever be a . Electron and ion current ratios (for various spectrum models described in the text) vs the parameter n (deuterir.n ions are assumed).
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The constant b was adjusted numerically so that thi flux function f (C ) was normalized to unity -Eq. (13) . This modified spectrum C was compared with the unmodified spectrum C in several numerical runs. The results (Fig.   10 ) show that this small change in the number of high-energy electrons in the spectrum produces a large change in the current characteristics of the solution. This result is intuitively reasonable because the high-energy reflex electrons travel across most of the gap before they are reflected ; therefore, they have a greater influence on the potential distribution and on the currents than the low-energy electrons do. Thus, it is important to have 13 a good knowledge of the high-energy spectrum shape. It is intended that the calculation of such spectra be discussed in future reports.
The efficiency e of ion current production is defined: J i 1 6 5 J + J ' * / a/2 • (46 > e * H i /IS V a Imzy
From the numerical calculation the profile of efficiency vs deuterium ion current ( Fig. 11) is plotted for each model spectrum previously discussed. It is noted that for each spectrum the efficiency drops at low ion current, corresponding to low values of n/n . Also, high efficiencies correlate with high-energy reflex spectra, as one expects from the previously plotted results. . Efficiency e vs ion current for deuterium ions and various model spectra.
